ABSTRACT: Due to the fact that it has been shown that students have difficulties in understanding the complex phenomena occurring at the flow of methane gas through pipes and faucets as taught in the classical, analytical manner, the current paper suggests the usage of the finite element method for aiding the teaching of these phenomena. This method allows the determining of important parameters such as the gas speed, the occurring pressure losses, the energy consumed in various flow types without requiring the memorizing or deduction of complex equation systems. The main benefit brought by this method in the teaching of undergraduate students, graduate students or doctoral students is that the visual impact it brings helps to increase the degree of comprehension and also the students' interest in furthering their technical training.
INTRODUCTION
While at first, in the education system the computer was regarded just as a work instrument for informatics laboratories, where only students training for this domain had access, the last few years brought a conceptual revolution in education, the computer becoming a teaching and learning tool in general, for most if not all disciplines in the curricula.
The extraordinary development of multimedia technologies has contributed to the appearance of a new domain, the educational software, in fact a hybrid between computer programming, psycho-pedagogy and various disciplines from the curricula, which today goes beyond the stage of experiments and is about to become a domain in its own right, with a safe future in the educational offer. [2] The act of learning is no longer considered to be the sole effect of the professor's undertakings and work, but it includes also the result of the students' interaction with the computer, on the one hand, and of the cooperation with the professor on the other hand.
This change in the education system has two main targets: 1. Increasing the efficiency of the learning activities; 2. Developing the communication and individual study competences
Using the computer in education activities brings several advantages [2, 5] :
3. Stimulation of the ability of innovative learning, adaptable to fast social change conditions; 4. Stimulation of the logical thinking and imagination;
5. Introduction of a cognitive, efficient style, for working independently; 6. Consolidation of the scientific investigation abilities; 7. Forming of useful practical skills; 8. Providing a permanent feedback, the professor being able to redesign the activity function of the previous sequence; 9. Providing the selection and usage of adequate strategies for solving various applications; 10. Development of the thinking so that, starting from a general manner of solving a problem, the student finds on his/her own the answer for a concrete problem; 11. Development of the visual culture.
Although it is very useful to carry out real experiments, their preparation and realisation takes up a lot of time and teaching ressources. Therefore, computers are very useful because they simulate complex processes and phenomena that no other teaching instrument is able to highlight so effectively. Through it, students are offered modellings, justifications and illustrations of abstract concepts, illustrations of processes and phenomena that are otherwise impossible or hard to analyse and not least it allows to carry out experiments that would be impossible to be done in practice in a certain learning institution, due to the difficulty to acquire the appropriate equipment.
Students can modify very easily the conditions under which a virtual experiment is taking place, they can repeat it for a sufficient number of times so that they can track the manner in which the studied phenomena unfold, they can formulate functioning laws and extract conclusions.
Nowadays, the computer facilitates the achievement of important goals in learning and can be used by professors in a variety of situations. It is actually much easier for the professor to become a mentor, a partner of the student in his/her learning activity.
Beneath the informative and formative advantages of using information and communcation technology, there needs to be mentioned also the aspect of attractiveness, a concept that is considered to be important in the current pedagogical concepts. Computers and computer-based tools and technologies increase significantly the attractiveness of the educational process.
There exists, however, a principial limitation of the possibility to use computers in education, a limitation that can be surpassed only by maintaining an important role for the professor in acquiring, processing and using information in the training of practical skills and abilities. Therefore, the interest for developing a technological competence has to go beyond the stage of the initial training for a profession and needs to be present throughout the career, requiring also a continuous redefining of the training objectives.
Starting from the above-mentioned ideas, the authors have sought to outline, in the present paper, some ideas and possibilities for introducing computer-assisted, finite-elementbased learning in a specific area of natural gas engineering education, namely in the area of studying the methane gas flow through pipes and faucets, as commonly encountered in gas distribution pipelines.
THE THEORETICAL, ANALYTICAL STUDY OF GAS FLOW PHENOMENA
Currently, the speciality disciplines emphasise either the tackling of phenomena from a practical, experimental point of view, or an analytical approach, based on mathematical formulas that usually imply a high complexity.
In the specific case of natural gas engineering, for example, the flow of methane gas through a pipe is described by a series of equations, such as:
-the continuity equation:
where vx, vy and vz are the components of the speed vector on x, y and z directions,;
ρ is the fluid's density; t is the time;
-the moment equations;
where δ is the stress tensor; ui are the orthogonal speeds; µ is the dynamic viscosity;
λ the second viscosity coefficient.
-the equation of the compressible energy:
where Cp is the specific heat;
To is the total temperature; K is the thermal conductivity; W v is the mechanical work due to viscosity;
Φ is the heat loss due to viscosity;
The solving of these equations leads in the end to fully describing the state or evolution of the flowing fluid system under certain conditions.
However, this analytical approach does not offer the students an overview of the transformations that occur, being very hard for them to understand, for example, the transformations taking place in the case of simultaneously varying two or more parameters present in these equations.
Given the central role of the flowing phenomena in the whole theory and practice of natural gases engineering in general and in the design and realising of specific technologies and equipments in particular, it is very important for the students to understand the process of determining the motion parameters, especially in the case of the internal motions. These are motions of the fluids taking place within domains with closed frontiers (pipes, channels, nozzles etc.). Within capillar tubes, the motion is entirely viscous even when the fluid itself has a very low viscosity and the tubes are very short. The viscous motion can be laminar or turbulent, depending on whether the fluid layers glide one over the other or whether their gliding is blocked by the presence of pulsating speed components, developed on all directions of the space occupied by the fluid. This comes to underline that a theoretical study, based on analytical instruments such as the mentioned mathematical equations, is difficult to present by the professor and also difficult to understand by the students.
THE USAGE OF THE FINITE ELEMENT METHOD IN TEACHING GAS FLOW PHENOMENA
In order to overcome the disadvantages presented above and to benefit from the capabilities of modern design methods, in the last year there have been introduced in teaching several computer-based numerical simulation and modelling methods, among which the best known is the finite element method.
The finite element method is a numerical method used for solving equations with partial derivatives, that can model physical systems with an infinite number of degrees of freedom. By applying the finite element method, these equations with partial derivatives are reduced to a system of algebraic equations, i.e. to a discrete system with a finite number of degrees of freedom. The fundamental idea of the finite elements method resides in the fact that the given domain for a certain problem is represented as a collection of subregions called finite elements. These elements are interconnected through points called nodes. [1] The finite element method is thus based on the concept of building complex objects from simple objects, or on dividing complex objects into simpler objects, for which known calculation schemes can be applied, i.e to replace a complex problem with a collection of simple problems. In many situations, the existing mathematical apparatus is not sufficient for finding an exact solution and in some cases even not sufficient for finding an approximate solution for practical problems [1, 4] .
The finite element method has found applications in various engineering domains (and not only), where there are physical phenomena described by equations with partial derivatives. Among the main domains in which this method can be used, there can be mentioned: structural analysis, fluids analysis, magnetical analysis and electrical analysis.
There are three possibilities for formulating the finite element method [1] : a) direct formulation; b) variational formulation; c) residual formulation.
The direct formulation is based on the matrix calculus of structures based on the displacements method.
The variational formulation is based on minimizing the potential energy of the deformable solid, based on a criterion of stationing the potential energy. It uses the principle of virtual mechanical work or energy theorems such as the theorem of minimal potential energy, the theorem of minimal complementary energy, the Hellinger-Reissner theorem or Hamilton's theorem for dynamic problems.
The residual formulation can be used when there exists no functional formulation, being a more general formulation than the variational formulation. This formulation may employ the method of the smallest squares, the Galerkin method, the colocation method etc.
Problems that may be solved using the finite element method can be grouped into three categories [1, 3, 5]:
1. equilibrium problems, case in which the unknown functions do not depend on time. This type of problems occur for example when determining the elastic behaviour of solid deformable bodies, in static regime; 2. eigenvalue problems, where parameters are independent of time, being determined certain critical values of these parameters. Such problems occur when determining the critical stability loss forces for structures or in the modal analysis of structures, when there are determined the eigenfrequencies and the eigenmodes associated with these frequencies; 3. propagation problems or problems in which the unknown functions are time-dependent. Such problems occur when studying the dynamic reaction of a structure.
For example, in the case of the flow problems mentioned above, it is considered that the flow problems are nonlinear problems and for their solving, the calculus software requires a certain number of iterations. The number of iterations necessary for solving a flow problem depends on the size of the problem (the number of finite elements in the network) and on its stability. The speciality literature [1, 3] mentions, for example, that bidimensional problems of laminar type imply a number of 40-50 iterations, while those of turbulent type require a higher number of iterations: 60-80.
THE TEACHING AND LEARNING METHOD IMPLYING THE USAGE OF FINITE ELEMENT ANALYSIS
The teaching of methane gas flow phenomena using the finite element method, for students of the Natural Gases Engineering study program, may employ as teaching aids software packages such as Ansys, Abaqus, Nastran, Cosmos, Algor etc.
Ansys, for example, allows the integration of analytical equations such as the ones presented in paragraph 2 of this paper, in a numerical structure and the visualisation of results in a graphical form.
The software also allows to obtain variation graphs on various sections, the students having the possibility to visualise all these details.
In order to test and exemplify the capabilities offered by Ansys as a teaching aid, the authors have started from simulating, using the finite element method as implemented in Ansys, the flow of methane gas through a state-of-the-art faucet. Any of the graphs presented in figures 2-6 can be analysed fairly rapidly by the students and they can tell, based on the knowledge they had gained previously in this domain, on the difference in colors and using the color chart at the figures's bottom as reference, what happens in a certain situation, where the most problematic area is located and even what could be done in order to eliminate the noticed problems.
CONCLUSIONS
The authors have thus shown in this paper that using the finite elements method in the teaching of specific engineering problems, such as the problem of methane gas flow through pipes, is beneficial to the students and presents several advantages, such as:
• the usage of visual, interactive methods makes it easy both for experienced people and for novices to understand the characteristics of the dynamic flow of methane gas (or of any other type of fluid); • it does not require expenses for the endowment with sophisticated, expensive laboratory equipment other than computers with enough computing power, which however have become in recent years fairly common and relatively cheap; • the method's precision is very high and depends only on the manner in which the finite elements network is discretised; • since, in most cases, faucets and pipes are axissymmetrical parts, it suffices to model the transversal cross-sections of those parts, so modelling activities and the calculus effort is reduced to a minimum; • by using parametrisation methods, there are created part families, the numerical simulations being much easier to realise and leading to the capability to construct within a short period of time several variants, which allows the students to cover a wide range of constructive solutions.
This method also guarantees a much higher degree of attention granted by the students to learning and understanding the presented matters (due to the attractiveness of any computerbased application, but also due to the fact that they can very easily transpose the knowledge gathered here to other similar problems and even to other topics or even subjects)
For the future, it is intended to seek a better integration between analytical methods and numerical (finite-elementbased) methods in teaching, so that students can have a better, holistic image of the topic being taught.
